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The converter comprises: a capacitor connected between the
live line and null line of an AC power input terminals, a
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CAPACITOR DISCHARGING CIRCUIT AND
CONVERTER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)to
the Chinese patent application No. 201210019920.9, filed on
Jan. 20, 2012, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

The present invention generally relates to power electronic
technology, and more particularly to a capacitor discharging
circuit and a converter comprising the capacitor discharging
circuit.

BACKGROUND OF THE INVENTION

Under normal circumstance, in order to meet the require-
ment of electromagnetic compatibility, a filter configuration
comprising a capacitor is connected between AC power and
the electronic devices. In compliance with the “safety of
information technology equipment” standard, the capacitoris
a safety capacitor which comprises X-capacitors and Y-ca-
pacitors. X-capacitor is connected between L line (Live line)
and N line (Null line) of the input terminals of AC power.

Specifically positioned, X-capacitor will be charged upon
the introduction of AC power, and will store energy in power
plug when AC power is disconnected, which is likely to
induce current leakage or make the enclosure charged to
endanger user safety. Therefore, X-capacitor should be dis-
charged rapidly in the event of AC power disconnection, and
furthermore, the design of X-capacitor discharging circuit
should meet related safety standard.

To comply with the “safety of information technology
equipment” standard, one should ensure that the stored elec-
tric charge in a capacitor component of primary circuit is
reduced to a minimal when designing electrical equipments at
the external disconnection position of AC power. Specifically,
if an electrical equipment is provided with a capacitor in the
primary circuit, and if rated or nominal capacitance is more
than 0.1 puF and the discharge time constant of the capacitor is
not more than the following specified values, the electrical
equipment will be considered as qualified:

a) 1 second, for pluggable equipment of A type, and

b) 10 seconds, for equipment of permanent connection and
pluggable equipment of B type;

Wherein, the discharge time constant refers to a calculation
from equivalent capacitance (uF) and equivalent discharge
resistance (MQ). That is to say, after a time period which
equals to the discharge time constant, the voltage will reduce
to 37% of its initial value.

In usual ways, discharging resistor is used to connect in
parallel with X-capacitor and the time constant of capacitor
and resistor should be less than the specified value to meet the
rules concerning capacitor discharge in “safety of informa-
tion technology equipment”. Next, the X-capacitor discharg-
ing technology in the prior art will be described using an
example that an X-capacitor is comprised in a converter cir-
cuit.

FIG. 1 shows a circuit schematic diagram of a converter
with an X-capacitor in the prior art, in which a discharging
resistor is connected in parallel with the X-capacitor. As
shown in the figure, an X-capacitor 2, a discharging resistor 3
and a converter module 1 are coupled successively, and the

10

20

40

45

55

2

X-capacitor 2 is connected in parallel between the input ter-
minals (between L line and N line) of AC power. The con-
verter with the X-capacitor in the prior art is the same as other
electrical equipment in which a discharging resistor is con-
nected in parallel between the two terminals of the X-capaci-
tor, i.e. high voltage energy is stored in the X-capacitor 2 for
long time in the event of AC power disconnection, the dis-
charging resistor 3 is used to provide discharging path for the
X-capacitor 2 to meet the safety requirement.

However, the discharging resistor 3 connected in parallel in
the circuit will consume energy all along and induce energy
consumption, especially, the energy consumption will
become greater when the input voltage being higher, which is
an important factor leading to the energy consumption of the
converter during standby mode and no-load mode. With the
increasing requirement of efficiency at the light load mode, it
is more and more important to minimize the energy consump-
tion caused by the discharge of the X-capacitor 2.

Furthermore, the converter module 1 can be composed of a
power factor correction (PFC) conversion unit and a DC/DC
conversion unit. It should be stressed that the two-stage con-
version module having a bridgeless PFC conversion unit has
much higher efficiency in the case of heavy load due to the
advantage of topology, compared to the conventional PFC
conversion unit having a bridge diode structure, but the X-ca-
pacitor having greater capacitance needs to be used. If the
discharging resistor is used to discharge the X-capacitor, the
resistor having relative low resistance is preferred. The lower
the resistance is, the greater the energy consumption of the
discharging resistor is when AC power is introduced, which
could lead to lower efficiency of the bridgeless PFC conver-
sion unit in the light load mode. Therefore, it becomes more
and more urgent to solve the problem of the energy consump-
tion induced by discharge of the X-capacitor.

Consequently, to meet the requirement of “safety of infor-
mation technology equipment” and meanwhile to achieve
high efficiency of electrical equipments especially in the light
load mode is becoming a pressing problem needs to be
resolved.

SUMMARY OF THE INVENTION

In view of the severe energy consumption caused by dis-
charging resistor which the previous solution requires, the
present application, in part, seeks to avoid the energy con-
sumption of discharging resistor when AC power is intro-
duced, and proposes a solution to discharge X-capacitor
through an energy transfer unit when AC power is off without
using a discharging resistor, thereby, the energy consumption
of'the discharging resistor used for discharging X-capacitoris
reduced, and the efficiency in the light load mode is enhanced.

In one aspect, this application is stated by providing a
converter, comprising: a capacitor connected between the live
line and the null line of AC power input terminals; a conver-
sion module coupled to the capacitor and at least comprising
an energy transfer unit and an energy storage component; an
AC power-off detecting unit connected with the AC power
input terminals which detects on-off status of AC power and
generates an AC power-off signal; and a control unit coupled
to the AC power-off detecting unit; wherein, the energy trans-
fer unit comprises a switching device and is coupled to the
capacitor and the energy storage component; when the dis-
connection of AC power is detected by the AC power-off
detecting unit, the AC power-off signal outputted from the AC
power-off detecting unit triggers the control unit to output a
switch driving signal, which controls the operation of the
energy transferunit to transfer the energy stored in the capaci-
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tor to the energy storage component in the conversion mod-
ule, so that the capacitor is discharged.

In another aspect, this application is stated by providing a
capacitor discharging circuit, used to discharge the capacitor
between the live line and the null line of an AC power input
terminals connected with a converter; wherein the converter
comprises a conversion module coupled to the capacitor
which comprises at least an energy transfer unit and an energy
storage component, an AC power-off detecting unit con-
nected to the AC power input terminals of the converter,
which detects on-off of AC power and generates an AC
power-off signal, and a control unit; the energy transfer unit
comprises a switching device and is coupled to the capacitor
and the energy storage component, the control unit is coupled
to the AC power-off detecting unit; when disconnection of AC
power is detected by the AC power-off detecting unit, the AC
power-off signal outputted from the AC power-off detecting
unit triggers the control unit to output a switch driving signal,
which controls the operation of the energy transfer unit to
transfer the energy stored in the capacitor to the energy stor-
age component in the conversion module, so that the capaci-
tor is discharged.

As can be seen from the technical solution stated above, the
capacitor between the live line and the null line of the AC
power input terminal connected with the converter is dis-
charged by the energy transfer unit, not by a discharging
resistor, which is one of the features of the present applica-
tion. When AC power is introduced, the conversion module
performs power conversion as its original design; when AC
power is disconnected, the control unit controls the energy
transfer unit to transfer the energy stored in the capacitor
between the live line and the null line of the AC power input
terminals connected with the converter to the energy storage
component of the conversion module, so as to achieve rapid
discharge for the capacitor. In this way, the technical solution
of the present invention meets the requirement of “safety of
information technology equipment”, and enhances the effi-
ciency of electrical equipments.

In addition, the energy transfer unit, which realizes rapid
discharge for the capacitor connected between the live line
and the null line of the AC power input terminals connected
with the converter, can also be part of the original conversion
unit of the conversion module in the converter. Thus, the
circuit is simplified and the light load efficiency is enhanced.
The above solution is advantageous to the converter having
structure of bridge PFC conversion unit, especially, it offers a
great help to enhance the light load efficiency of the converter
having the bridgeless PFC conversion unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn
to scale. In the drawings, each identical or nearly identical
component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every compo-
nent may be labeled in every drawing. In the drawings:

FIG. 1 is a circuit schematic diagram of a converter having
an X-capacitor and having a discharging resistor connected in
parallel with the capacitor in the prior art

FIG. 2 is a circuit schematic diagram of an AC-DC conver-
sion module included in a converter having an X-capacitor of
an embodiment of the present invention

FIG. 3 is a circuit schematic diagram of a conversion mod-
ule having a single-stage conversion unit of an embodiment of
the present invention
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FIG. 4 is a circuit structure diagram of a conversion module
comprising a bridge PFC conversion unit of an embodiment
of the present invention

FIG. 5 is a circuit structure diagram of'a conversion module
having a bridgeless PFC conversion unit of an embodiment of
the present invention

FIG. 6 are structure diagrams of three types of switch diode
networks used in the bridgeless PFC conversion unit in an
embodiment of the present invention

FIG. 7 are the structure diagrams of four types of PFC
inductor units used in an embodiment of the present invention

FIG. 8 is a circuit structure diagram of a converter with an
energy transfer unit used to discharge the X-capacitor in the
converter according to an embodiment of the present inven-
tion

FIG. 9 is a circuit structure diagram of a converter with a
two-stage conversion module and an X-capacitor which com-
prises an energy transfer unit used to discharge the X-capaci-
tor according to an embodiment of the present invention

FIG. 10 is a circuit structure diagram of a converter with a
single-stage conversion module and an X-capacitor which
comprises an energy transter unit used to discharge the X-ca-
pacitor according to an embodiment of the present invention

FIG. 11 is a circuit structure diagram of a converter having
a two-stage conversion module and an X-capacitor which
comprises an energy transter unit used to discharge the X-ca-
pacitor according to an embodiment of the present invention

FIG. 12 is a circuit structure diagram of a converter having
a single-stage conversion module and an X-capacitor which
comprises an energy transter unit used to discharge the X-ca-
pacitor according to an embodiment of the present invention

FIG. 13 is a structure diagram of an AC power-off detecting
unit in embodiments of the present invention

FIG. 14 shows a detailed embodiment of the AC power-off
detecting unit of the present invention

FIG. 15 shows waveforms of the AC power-off detecting
unit in FIG. 14

FIG. 16 is a flow diagram of operation of the energy trans-
fer unit controlled by the AC power-off signal via the control
unit

FIG. 17 is a circuit block diagram of the control unit includ-
ing an intervention unit in an embodiment of the present
invention

FIG. 18 is a specific circuit diagram of the control unit
including the intervention unit of FIG. 17

FIG. 19 is a circuit diagram of the control unit including an
intervention unit in an embodiment of the present invention

FIG. 20 shows waveforms in the process of capacitor dis-
charge controlled by the control unit in FIG. 19

FIG. 21 is a circuit structure diagram of the control unit
including an intervention unit of an embodiment of the
present invention

FIG. 22 is a specific circuit schematic diagram of an
embodiment that a bridge PFC conversion unit is used as the
energy transfer unit to discharge the X-capacitor in the con-
verter

FIG. 23 shows waveforms of the process in which the
capacitor is discharged by the converter having the X-capaci-
tor in FI1G. 22.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Some exemplary embodiments explaining the features and
advantages of the present invention will be stated in detail in
the following description. It is to be understood that different
embodiments of the present invention have a variety of varia-
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tions, which will fall within the scope of the present invention,
and the description and figure showing are essentially used to
explain the present invention, but not to limit the present
invention.

The features and beneficial effects mentioned above, as
well as other features and effects will be described in detail
with embodiments of the capacitor discharging device of the
present invention and the converter comprising the capacitor
discharging device considered in conjunction with the
attached FIGS. 2-23.

For an AC-AC and/or an AC-DC converter, a filter structure
is usually coupled between the AC power input terminals.
According to the requirement of “safety of information tech-
nology equipment”, the capacitor of the filter will be dis-
charged when AC power is removed, and there are some other
capacitors in the converter need to be discharged, moreover,
the capacitors need to be discharged could be composed of
multi capacitors connected in parallel or in series. In the
following, the operating principle will be stated by an
example of an AC-DC converter comprising the capacitors
need to be discharged, wherein the capacitor needs to be
discharged is the X-capacitor mentioned above.

The AC-DC converter usually comprises an X-capacitor 2
which needs to be discharged and a conversion module 1
which is connected with the X-capacitor 2. In an embodiment
of the present invention, as shown in FIG. 2, the conversion
module 1 could be composed of a power factor correction
(called PFC for short) conversion unit 11 and a DC/DC con-
version unit 13, between which a bus capacitor 12 is coupled.
In an embodiment of the present invention, the conversion
module 1 also could be a conversion module of the single-
stage flyback conversion unit shown in FIG. 3, wherein the
capacitor 311 is the output capacitor. In other embodiments,
the conversion module 1 also could be a conversion module of
other single-stage conversion units.

In an embodiment of the present invention, the PFC con-
version unit 11 shown in FIG. 2 could be either a bridge PFC
conversion unit (shown in FIG. 4) or a bridgeless PFC con-
version unit (shown in FIG. 5), and the PFC conversion unit
11 could be selected from one of a boost PFC conversion unit,
a buck PFC conversion unit, and a buck-boost PFC conver-
sion unit.

The circuit structure diagram of the conversion module
including a bridge PFC conversion unit in an embodiment of
the present invention is shown as FIG. 4. As shown in the
figure, the conversion module 1 comprises the bridge PFC
conversion unit 11, a DC/DC conversion unit 13 and a bus
capacitor 12, wherein the PFC conversion unit 11 is a boost
PFC conversion unit which comprises following parts
coupled in sequence: a rectifying bridge 111, a wtype filtering
unit 112 which is not necessary, a PFC inductor 113 and a
switch diode network 114. Because the PFC inductor 113 of
the bridge PFC conversion unit 11 is located in the down-
stream of the rectifying bridge 111, the capacitor of the m type
filtering unit 112 could be a non-safety capacitor, however,
the m type filtering unit 112 has the effect of differential filter
and is not directly connected with the AC power input termi-
nals, so the capacitance of the X-capacitor 2 coupled in the
input terminals can be reduced. Thus, the X-capacitor 2
coupled in the input terminals can have low capacitance value
relatively.

FIG. 5 is a diagram of the conversion module having a
bridgeless PFC conversion unit in the embodiment of the
present invention. As shown in the figure, the conversion
module 1 comprises a bridgeless PFC conversion unit 11', a
DC/DC conversion unit 13 and a bus capacitor 12, wherein
the bridgeless PFC conversion unit 11' is composed of a PFC
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6

inductor 113" and a switch diode network 114'. As shown in
FIG. 5, the rectifying bridge is absent in the topology of the
bridgeless PFC conversion unit 11', if a filter structure is to be
added, according to “safety of information technology equip-
ment”, the chosen capacitor should also be an X-capacitor,
which also needs to be discharged after AC power is removed,
and the X-capacitor used to filter differential mode signal is
preferred with a greater capacitance. If a discharging resistor
is utilized to discharge the X-capacitor, according to the
requirement of discharge time constant (RC<1 second), a
discharging resistor having relative low resistance is pre-
ferred, which results in large power consumption of the dis-
charging resistor. Hence, how to raise the efficiency of the
converter which comprises a bridgeless PFC conversion unit
in the light load mode is facing serious pressure.

FIG. 6 is a structure diagram of three types of the switch
diode network unit used in the bridgeless PFC conversion unit
in the embodiments of the present invention. It should be
noted that only three types of configurations of the switch
diode network are shown in the figure, but other types of
configuration could also be used in the embodiments of the
present invention, furthermore, other derivative configura-
tions in which the diode and switching transistor are inter-
changeable are also included in the scope of the present
invention.

In the above two embodiments, the bridge PFC conversion
unit 11 comprises the PFC inductor unit 113, and the bridge-
less PFC conversion unit 11' comprises the PFC inductor unit
113'. Refer to FIG. 7, which is the structure diagrams of the
four types of PFC inductor unit used in the embodiments of
the present invention. Although only four kinds of configu-
ration of the PFC inductor unit are shown in the figure, the
PFC inductor unit can be composed of one or more inductors
which are coupled to each other or not.

FIG. 8 is a circuit structure diagram of one embodiment of
the present invention in which an energy transfer unit is used
to discharge the X-capacitor which the converter comprises.
The converter in the embodiments of the present invention
comprises an X-capacitor 2 connected between the L line and
the N line of AC power input terminals, and a conversion
module 1 coupled to the X-capacitor 2.

In the converter of the embodiments of the present inven-
tion, a discharging method is employed without using a dis-
charging resistor. As shown in FIG. 8, the converter comprises
the X-capacitor 2 connected between the [ line and the N line
of the AC power input terminals, the conversion module 1
coupled to the X-capacitor 2, the AC power-off detecting unit
4 used to detect on-off status of AC power and the control unit
5. The conversion module 1 at least includes an energy stor-
age component and an energy transfer unit which comprises
a switching device. The AC power-off detecting unit 4 is
connected with the AC power input terminals and outputs an
AC power-off signal which is received by the control unit 5.
When the AC power-off detecting unit 4 detects that AC
power is off, a signal is output to trigger the control unit 5 to
send a switch driving signal, which controls operation of the
energy transter unit such that energy stored in the X-capacitor
2 is transferred to the energy storage component of the con-
version module 1 to discharge the X-capacitor 2.

As to the energy storage component mentioned above, it
can be a capacitive component or an inductive component, for
example, the energy storage component of the conversion
module shown in FIG. 3 could be the capacitive element 311,
and also could be an excitation inductance of the transformer;
the energy storage component of the conversion module
shown in FIG. 4 could be the capacitive element 12 and/or the
capacitive element 131, and also could be the inductive ele-
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ment 113, wherein the capacitive element 131 is the output
capacitor of the DC/DC conversion uniti.e. the output capaci-
tor of the conversion module, and the inductive element 113
is the PFC inductor of the PFC conversion unit. In other
embodiments, the inductive component, used as an energy
storage component of the conversion module shown in FIG.
4, could also be the inductive component (not shown in the
figure) in the DC/DC conversion unit. Besides, the energy
storage component of the conversion module shown in FIG. 5
can be the capacitive component 12 and/or 131", wherein the
capacitive component 131' is the output capacitor of the
DC/DC conversion unit, i.e. the output capacitor of the con-
version module; the energy storage component of the conver-
sion module shown in FIG. 5 can also be the inductive com-
ponent 113", which is the PFC inductor of the PFC conversion
unit. In other embodiments, the inductive component, used as
an energy storage component of the conversion module
shown in FIG. 5, could also be the inductive element (not
shown in the figure) of DC/DC conversion unit. That is to say,
the energy storage component mentioned above can be any of
components capable of storing energy. Taken for one example
that the energy storage component is a capacitive component,
after the AC power-oft status is detected by the AC power-off
detecting unit, the outputted AC power-off signal triggers the
control unit to send the switch driving signal which controls
the operation of the energy transfer unit to enhance the volt-
age of the capacitive component, so as to transfer the energy
stored in the capacitor to the capacitive component of the
conversion module and to discharge the capacitor.

In an embodiment of the present invention, the energy
transfer unit can be a part of the conversion unit in the original
conversion module, which performs power conversion to
achieve the original design function and feeds power to the
output when AC power is inputted. And when AC power is off,
the part is utilized as the energy transfer unit transferring
energy stored in the X-capacitor to the energy storage com-
ponent of the conversion module. As shown in FIG. 9, for the
two-stage conversion module configuration, the energy trans-
fer unit could be a PFC conversion unit of the conversion
module 1 (the PFC conversion unit can be either the bridge
PFC conversion unit in FIG. 4 or the bridgeless PFC conver-
sion unit in FIG. 5), and also could be a combination of the
PFC conversion unit and the DC/DC conversion unit in the
conversion module 1. A single-stage conversion module is
shown in FIG. 10. In this embodiment, the single-stage con-
version module is a single-stage flyback conversion unit
which also serves as an energy transfer unit. When AC power
is introduced, the flyback conversion unit of the conversion
module performs power conversion, and when AC power is
off, the flyback conversion unit serves as the energy transfer
unit, transferring the energy stored in the X-capacitor 2 to the
energy storage component i.e. a capacitor of the conversion
module 1. The single-stage flyback conversion unit is used by
the embodiment to illustrate the present invention, but the
scope ofthe present invention is not limited to the single-stage
conversion unit.

In an embodiment of the present invention, the energy
transfer unit also could be an auxiliary conversion unit in the
conversion module 1, which comprises a switching device.
When AC power is introduced, the auxiliary conversion unit
in the conversion module 1 stops operation, with the output
energy provided by the conversion unit of the original design.
When AC power is off, the control unit 5 triggered by the AC
power-off signal controls working of the auxiliary conversion
unit in the conversion module 1 to transfer the energy stored
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in the X-capacitor 2 to the energy storage component of the
conversion module 1, i.e. the auxiliary conversion unit serves
as an energy transfer unit.

In an embodiment of the present invention, for the two-
stage conversion module configuration, the auxiliary conver-
sion unit 15, connected with the X-capacitor 2 and the energy
storage component in the conversion module 1, can be used as
the energy transferunit, as shown in FIG. 11. When AC power
is introduced, the PFC conversion unit 11 and DC/DC con-
version unit 13 perform power conversion as original design,
and the auxiliary conversion unit 15 stops working. When the
AC power-off detecting unit 4 detects that AC power is off, the
control unit 5 triggered by the AC power-off signal controls
working of the auxiliary conversion unit 15 to transfer the
energy stored in the X-capacitor 2 to the energy storage
component of the conversion module 1, i.e. the auxiliary
conversion unit 15 serves as the energy transfer unit. Wherein,
the topology of the conversion unit 15 could be a boost con-
version circuit, or a buck conversion circuit, or a buck-boost
conversion circuit. As shown in FIG. 12, being a single-stage
conversion module, the conversion module 1 is composed of
a single-stage conversion sub-module 16 and an auxiliary
conversion unit 15, which is connected with the X-capacitor
2 and the energy storage component in the single-stage con-
version sub-module 16. When AC power is introduced, the
conversion sub-module 16 of the conversion module 1 per-
forms power conversion, and the auxiliary conversion unit 15
stops working. When the AC power-off detecting unit 4
detects that AC power is off, the control unit 5 triggered by AC
power-off signal controls working of the auxiliary conversion
unit 15 to transfer the energy stored in the X-capacitor 2 to the
energy storage component, i.e. a capacitor of the conversion
module 1 to discharge the X-capacitor 2, i.e. the auxiliary
conversion unit 15 serves as the energy transfer unit.

The energy transfer unit stated above comprises a switch-
ing device which could be an Insulated Gate Bipolar Transis-
tor (called IGBT for short) or a Metal Oxide Semiconductor
Field Effect Transistor (called MOSFET for short), etc. The
energy transfer unit could be any of functional units capable
of transferring energy stored in the X-capacitor 2 to the
energy storage component of the conversion module 1.

As can be seen from some embodiments stated above, the
control unit 5 can be an individual part of the controller of the
conversion module. That is to say, the control unit 5 stops
working when AC power is introduced, and when AC power
is off, it can control the operation of the energy transfer unit of
the conversion module 1 to transfer the energy stored in the
X-capacitor 2 to the energy storage component of the conver-
sion module 1. It should be noted that the control unit 5 can be
any of control circuits in the prior art that can control the
operation of the energy transfer unit of the conversion module
1 to transfer the energy stored in the X-capacitor 2 to the
energy storage component of the conversion module 1, and it
will not go into the details here. In other embodiments of the
present invention, a part of the control unit of the original
power conversion unit (such as the two-stage power conver-
sion unit 14 shown in FIG. 11 and the single-stage power
conversion unit 16 shown in FIG. 12) in the conversion mod-
ule 1 can serves as part circuit of the control unit 5. When AC
power is off, the AC power-off signal triggers working of the
control unit 5, which controls the operation of the energy
transfer unit in the conversion module 1 to discharge the
X-capacitor 2.

In an embodiment of the present invention, the AC power-
off detecting unit 4 judges on or off state of AC power by
detecting the voltage across the two terminals of the X-ca-
pacitor 2, but it is not limited to this. That is to say, in embodi-
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ments of the present invention, the AC power-off detecting
unit 4 can operate in any of working mode capable of judging
on-off status of AC power.

FIG. 13 is a structure diagram of the AC power-off detect-
ing unit in embodiments of the present invention. In some
embodiments, the AC power-oft detecting unit 4 may com-
prise a capacitor voltage regulation circuit and a timing cir-
cuit. An embodiment of the present invention will be stated by
an example that the AC power-off detecting unit 4 comprises
an X-capacitor voltage regulation circuit and a timing circuit.
As shown in the figure, the X-capacitor voltage regulation
circuit 41 of the AC power-off detecting unit 4 converts the
voltage across the two terminals of the X-capacitor 2 to match
the following circuit, i.e. it transforms the voltage across the
two terminals of the X-capacitor 2 into another output voltage
signal which can reflect the AC characteristic of the input
power. The timing circuit 42 receives the output voltage sig-
nal generated by the X-capacitor voltage regulation circuit 41
and judges its AC characteristic, that is to say, both time
period of the positive voltage and that of the negative voltage
of the X-capacitor voltage are calculated and judged respec-
tively. If the time of the positive voltage or that of the negative
voltage doesn’t exceed a predetermined time (e.g. the prede-
termined time is the period of AC power), then it is judged that
AC power is introduced properly; if the time of the positive
voltage or that of the negative voltage exceeds the predeter-
mined time, it is judged that AC alteration is absent on the
power at the moment, i.e. AC power is off. As to the outer form
of'the circuit, the signal indicating on-off status of AC power
is generated, by judging whether the DC voltage outputting
from the timing circuit 42 exceeds the given second threshold
voltage value Vth2 or not, and then outputted. Particularly, the
timing circuit 42 may judge that whether the DC voltage
signal exceeds the given second threshold voltage value Vth2
or not by the capacitor charging and discharging voltage of
RC (resistors and capacitors) circuit. If the capacitor charging
and discharging voltage exceeds the given second threshold
voltage Vth2, the AC power-off detecting unit 4 will generate
an AC power-off signal indicating the disconnection of AC
power, or else, the AC power-off detecting unit 4 will judge
that AC power is still on.

In some other embodiments, the AC power-off detecting
unit 4 can also be embodied as some digital circuits with the
similar principle as that of the above analog circuits, and it
won’t go into the details here. Next, the working principle of
the AC power-oft detecting unit 4 will be stated in detail by
one embodiment.

FIG. 14 shows a detailed embodiment of the AC power-off
detecting unit of the present invention. As shown in the figure,
the AC power-off detecting unit 4 comprises an X-capacitor
voltage regulation circuit 41 and a timing circuit 42, wherein
the X-capacitor voltage regulation circuit 41 comprises a
voltage divider network 411 and a comparator 412, and the
timing circuit 42 is a timing integration circuit. First, the
sampled X-capacitor voltage is regulated by the comparator
412 of the X-capacitor voltage regulation circuit 41, then the
timing circuit 42 carries out the process of timing integration
for the signal outputted from the X-capacitor voltage regula-
tion circuit 41 to get the output signal of the AC power-off
detecting unit 4, i.e. the AC power-off signal. If the X-capaci-
tor voltage signal is alternating, the capacitor in the timing
circuit will be charged and discharged periodically, leading to
that the outputted AC power-off signal is lower than a given
voltage value; otherwise, if the X-capacitor voltage signal is
constant, the output of the timing circuit will be higher than
the given voltage value. Therefore, when AC power is intro-
duced, the output voltage of the AC power-off detecting unit
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4 is lower than the given second threshold voltage Vth2, and
when AC power is off, the output voltage of the AC power-off
detecting unit 4 is higher than the given second threshold
voltage value Vth2, which indicates disconnection of AC
power. As shown in FIG. 14, the voltage divider network of
the X-capacitor voltage regulation circuit 41, that is used to
sample voltage of the X-capacitor, includes a first resistor R1,
a second resistor R2, a third resistor R3 and a fourth resistor
R4, wherein the resistor R1 and the resistor R2 are connected
in series to form a first branch, the resistor R3 and the resistor
R4 are connected in series to form a second branch. One end
of'the first branch is connected to the N line of AC power, one
end of the second branch is connected to the L line of AC
power, the other end of the first branch and that of the second
branch are both connected to ground. The comparator 412 of
the X-capacitor voltage regulation circuit 41 comprises a first
comparator which has a non inverting input terminal, an
inverting input terminal and an output terminal. The common
node of the resistor R1 and the resistor R2 is connected to the
inverting input terminal of the first comparator via the sixth
resistor R6, and the common node of the resistor R3 and the
resistor R4 is connected to the non inverting input terminal of
the first comparator via the fifth resistor R5. Point A, the
output terminal of the first comparator, is the output terminal
of the X-capacitor voltage regulation circuit 41. The timing
circuit 42 comprises a second comparator, a third comparator,
a first charging circuit, a second charging circuit, a first diode
D1 and a second diode D2. Point A, the output terminal of the
X-capacitor voltage regulation circuit 41 is connected to the
non inverting input terminal of the second comparator and the
inverting input terminal of the third comparator via an eighth
resistor R8 and an eleventh resistor R11 respectively. The first
threshold voltage Vth1 is put on the inverting input terminal
of'the second comparator and the non inverting input terminal
of the third comparator via a ninth resistor R9 and a tenth
resistor R10 respectively. The first charging circuit comprises
a series circuit composed of a first capacitor C1 and a twelfth
resistor R12, one end of the series circuit is connected to a DC
voltage source Vcc, the other end of the series circuit is
connected to ground. The common node of the capacitor C1
and the resistor R12 is connected to point B, the output
terminal of the second comparator. The second charging cir-
cuit comprises a series circuit composed of the second capaci-
tor C2 and the thirteenth resistor R13, one end of the series
circuit is connected to the DC voltage source Ve, the other
end of the series circuit is connected to ground. The common
node of the capacitor C2 and the resistor R13 is connected to
point C, the output terminal of the third comparator. The
anodes of the first diode D1 and the second diode D2 are
respectively connected to point B, the output terminal of the
second comparator, and point C, the output terminal of the
third comparator. The cathodes of the diode D1 and the diode
D2 are connected directly to form the output terminal of the
timing circuit, i.e. the output terminal of the AC power-off
detecting unit 4 that outputs an AC power-off signal.

Refer to FIG. 15, which is the waveform of the embodi-
ment of the AC power-off detecting unit in FIG. 14. FIGS.
15.(1) and 15.(2) respectively illustrate the cases that AC
power is off during its negative period and during its positive
period. As can be seen from the figures, the voltage waveform
of'the output terminal A of the X-capacitor voltage regulation
circuit can reflect the AC characteristic of AC power.

Now, refer to FIG. 15.(1), details will be stated by the
example that the input voltage of AC power is disconnected
when the voltage being negative. Before time t0 AC power is
introduced normally, the voltage of X-capacitor is a sinusoi-
dal wave, divided by the series circuit which is composed of
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the first resistor R1 and the second resistor R2, also divided by
the series circuit composed of the third resistor R3 and the
fourth resistor R4, as well as passing by the first comparator,
and the voltage at point A has a waveform of a half wave
rectified sine. That waveform can reflect the AC alteration of
X-capacitor. The waveform is compared with the first thresh-
old voltage Vthl by the second comparator and the third
comparator respectively, such that the first capacitor and the
second capacitor of the first charging circuit and the second
charging circuit is periodically charged and discharged by the
DC voltage source Vcc. For instance, when the voltage of
X-capacitor is positive and the voltage at point A is higher
than the given threshold voltage Vth1, the first capacitor C1 is
charged and the second capacitor C2 is discharged. But
because of the periodic AC alteration of the X-capacitor’s
voltage, the voltage value of the first capacitor C1 or that of
the second capacitor C2 doesn’t exceed the second threshold
voltage Vth2 when the capacitor C1 or the capacitor C2 is
being charged. And the AC power-off signal generated by the
AC power-off detecting unit 4 won’t trigger the control unit 5,
therefore, the conversion module 1 carries on power conver-
sion as original design to feed power to the output. At the time
to, the AC power is disconnected, the voltage of the X-capaci-
tor 2 remains constant, the voltage at point A remains at low
level, the capacitor C2 is continuously charged, the capacitor
C1 is discharged to zero i.e. the voltage at point B is zero, and
the output voltage signal of the AC power-off detecting unit 4
is the voltage signal at point C. At the time t1, the voltage of
the capacitor C2 exceeds the given second threshold voltage
Vth2, that is to say, the output voltage of the AC power-off
detecting unit 4 is higher than the given voltage value such
that the disconnection of AC power is detected. At this time,
the AC power-off signal outputted from the AC power-off
detecting unit 4 triggers the control unit 5 to output a switch
driving signal which controls the operation of the energy
transfer unit of conversion module 1 to transfer energy stored
in the X-capacitor 2 to the energy storage component of the
conversion module 1.

In this embodiment, the first threshold voltage Vthl, the
second threshold voltage Vth2 and the DC voltage source Ve
can be determined on the basis of design requirements, and
the above voltage values can be derived from the internal
circuit of the power converter or other circuits.

FIG. 15.(2) shows voltage waveforms of X-capacitor, point
A, point B and point C, as well as waveform of the AC
power-off signal when AC power is off during its positive
period. The operation principle is the same as that in FIG.
15.(1) and won’t be described here.

In this embodiment, it is judged that whether the capacitor
voltage of the RC circuit in the timing circuit 42 exceeds the
given second threshold voltage Vth2 or not. If the capacitor
voltage exceeds the given second threshold voltage Vth2, it is
considered that AC power is off, or else, it is considered that
AC power is still on. In some other embodiments, it can be
detected by other circuits that whether AC power is off or not.
Here, the function of the AC power-off detecting unit 4 can be
realized by analog circuits, and in some other embodiments,
it could be realized by digital circuits.

FIG. 16 shows a flow that operation of the energy transfer
unit is controlled by the AC power-off signal via the control
unit in an embodiment of the present invention. When AC
power is on, the conversion module 1 operates normally as the
original design to feed power to the output (i.e. the function of
power conversion is realized), with the control unit of the
original conversion unit not affected by the AC power-off
signal. When AC power is off, the AC power-off signal out-
putted from the AC power-off detecting unit 4 triggers the
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control unit 5 to output a switch driving signal to control the
operation of the energy transferunit in the conversion module
1, to transfer energy stored in the X-capacitor 2 to the energy
storage component of the conversion module 1 and to dis-
charge the capacitor 2. In an embodiment of the present
invention, the operation of the energy transfer unit is con-
trolled by increasing the duty cycle of the switch driving
signal, that is to say, more energy will be transferred by the
energy transferunit in a predetermined time (e.g. the specified
discharge time constant), compared to the case that the con-
version module operates as the original design, such that
energy stored in the X-capacitor 2 is transferred to the energy
storage component of the conversion module 1 and the X-ca-
pacitor 2 is discharged. In an embodiment of the present
invention, the duty cycle of the switch driving signal is
enhanced by increasing pulse width of the switch driving
signal or regulating switching frequency of it.

Next, the working principle of the control unit 5 will be
briefly described by an example that part of the control units
of'the original conversion unit (e.g. the two-stage power con-
version unit 14 in FIG. 11 and the single-stage power conver-
sion unit 16 in FIG. 12) in the conversion module work as part
of the circuits of the control unit 5.

In some embodiments of the present invention, the control
unit 5 includes an intervention unit 51 in addition to a feed-
back regulation unit 52 and a switch signal generation unit 53.
The feedback regulation unit 52 receives a feedback signal
and generates an output signal, according to which the switch
signal generation unit generates a switch driving signal. It
should be noted that the feedback regulation unit 52 and the
switch signal generation unit 53 in the control unit 5 can make
use of'the circuits which have the same function in the original
power conversion unit (e.g. two-stage power conversion unit
14 in FIG. 11 and single-stage power conversion unit 16 in
FIG. 12) of the conversion module 1. That is to say, in
embodiments of the present invention, in order to simplify the
whole circuits, the feedback regulation unit 52 and the switch
signal generation unit 53 in the control unit 5 can make use of
part of circuits of the control circuit in the PFC conversion
unit or in the DC/DC conversion unit or in the single-stage
power conversion unit. In other embodiments of the present
invention, the feedback regulation unit 52 and the switch
signal generation unit 53 in the control unit 5 could also be
additional circuits, without using the circuit of the control unit
in the original power conversion unit of the conversion mod-
ule.

In embodiments of the present invention, the intervention
unit in the control unit 5 can operate in various manners, as
long as the switch driving signal outputted from the control
unit 5 can control the operation of the switching device of the
energy transfer unit in the conversion module 1 to transfer
energy stored in the X-capacitor 2 to the capacitive element in
the conversion module 1 and to discharge the X-capacitor 2.

FIG. 17 is a circuit block diagram of the control unit includ-
ing an intervention unit in an embodiment of the present
invention. Specifically, as shown in FIG. 17, the control unit
5 comprises an intervention unit 51, a feedback regulation
unit 52 and a switch signal generation unit 53, wherein, the
feedback regulation unit 52 comprises a feedback voltage
sampling unit 521, a reference voltage generation unit 522
and a regulation unit 523. In other embodiments, the regula-
tion unit 523 is a PID (proportion integration differentiation)
unit. In this embodiment, when disconnection of AC power is
detected by the AC power-off detecting unit 4, the AC power-
off signal from the AC power-off detecting unit will trigger
the intervention unit 51 to intervene the feedback voltage
sampling unit 521 of the feedback regulation unit 52, such
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that the switch driving signal outputted from the switch signal
generation unit 53 drives the operation of switching device of
the energy transfer unit in the conversion module 1 to dis-
charge the X-capacitor 2. When AC power is introduced, the
intervention unit 51 has no effect on the output of the feed-
back voltage sampling unit 521 in the feedback regulation
unit 52, and the conversion module 1 operates as the original
design.

FIG. 18 shows a specific circuit diagram of the control unit
comprising an intervention unit in FIG. 17. In this embodi-
ment, the energy storage component receiving the energy of
the X-capacitor 2 is a capacitive component, which could be
a bus capacitor. As shown in the figure, the feedback regula-
tion unit 52 has a typical connection configuration: one end of
the capacitive component in the conversion module which
receives the energy of X-capacitor is connected to ground via
the resistors R18, R19, R20 and R21, which are successively
connected in series in the feedback voltage sampling unit 521
of the feedback regulation unit 52, and the common node of
the resistor R19 and R20 is connected to the inverting input
terminal of the regulation unit 523, with the non inverting
input terminal connected to the reference voltage generation
unit 522. The regulation unit 523 generates an output signal
on the basis of the sampling voltage of the capacitive com-
ponent which receives the energy of X-capacitor and the
reference voltage obtained from the reference voltage gen-
eration unit, by which the switch signal generation unit 53
generates a switch driving signal to drive the operation of the
switching device in the conversion module 1. In the embodi-
ment, different from the typical, the intervention unit 51 is
connected in parallel with the resistor R21, and receives an
AC power-off signal outputted from the AC power-off detect-
ing unit 4. In the embodiment of the present invention, the
intervention unit 51 is a switching device which is shown as a
switch transistor S3 in the figure, and controlled by the AC
power-off signal. When disconnection of AC power is
detected by the AC power-off detecting unit 4, the switch
transistor is turned on and the resistor R21 is short-circuited,
and the voltage inputted to the inverting input terminal of the
regulation unit 523 decreases, such that the original feedback
network is changed.

Specifically, in the case that the conversion module 1 oper-
ates normally, i.e. the intervention unit 51 is not triggered by
the AC power-off signal, the conversion module 1 is con-
trolled by the original feedback network, with the value of the
feedback voltage being:

R20 + R21

Ve = Ver Ry RO+ RID T RO1

Ve in this formula represents the voltage value of the
capacitive component receiving energy stored in the X-ca-
pacitor 2.

V 5 represents the value of the feedback voltage outputted
from the feedback voltage sampling unit.

At this time, the conversion module 1 is controlled on the
basis of the feedback voltage V 5 to generate a switch driving
signal to drive the operation of the switch transistor in the
conversion module 1. On the other hand, when AC power is
off, the switch transistor S3 is on and the resistor R21 is
short-circuited under the control of the AC power-off signal.
So the original feedback network is changed, with the value of
the feedback voltage at this time being:
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R20

Vs = Ve pR T RIO+ R20

That is to say, V*55z<V 3, at this time, the voltage of the
inverting input terminal of the regulation unit 523 decreases
and the output voltage increases, such that the control unit 5
outputs a switch driving signal to control the operation of the
switching device in the energy transfer unit of the conversion
module 1, so as to enhance the voltage value of the capacitor
receiving the energy stored in X-capacitor 2, and to transfer
energy from the X-capacitor 2 to the energy storage compo-
nent in the conversion module 1.

In the embodiment of the present invention, the interven-
tion unit 51 can affect the feedback regulation unit 52 in
various manners. In one embodiment (as shown in FIG. 18) of
the present invention, the sampling voltage value of the feed-
back voltage sampling unit 521 is decreased by intervening
the feedback voltage sampling unit 521, so that the output
voltage of the regulation unit 523 increases and the switching
device in the energy transfer unit of the conversion module 1
is controlled to raise the voltage value of the capacitive com-
ponent receiving the energy stored in the X-capacitor 2, and to
transfer energy from the X-capacitor 2 to the capacitive com-
ponent in the conversion module 1. In another embodiment of
the present invention, the reference voltage is increased by
intervening the reference voltage generation unit 522, so that
the output voltage of the regulation unit 523 increases and the
switching device in the energy transfer unit of the conversion
module 1is controlled to transfer energy from the X-capacitor
2 to the capacitive component in the conversion module 1.
Referto FIG. 19, which is a circuit diagram of the control unit
comprising an intervention unit in an embodiment of the
present invention. As shown in FIG. 19, the intervention unit
51 intervenes the reference voltage generation unit 522,
which results in an increase of the output voltage of the
regulation unit 523, to control the operation of the switching
device in the energy transfer unit of the conversion module 1,
which aims to enhance the voltage value of the capacitive
component receiving the energy stored in the X-capacitor 2,
and to transfer energy from the X-capacitor 2 to the capacitive
component in the conversion module 1.

Next, the principle of the X-capacitor 2 being discharged
when AC power is off will be discussed by the waveforms of
this embodiment. As shown in FIG. 20, FIG. 20a shows the
voltage of the X-capacitor 2. Before time t0, the voltage of
X-capacitor 2 is a sine wave due to the introduction of AC
power, and the AC power-off signal (shown in FIG. 206) is
lower than the given threshold voltage value Vth2 because the
capacitor is periodically charged and discharged, and the
reference voltage (shown in FIG. 20¢) is a reference value
Vrefl under normal operation being set when AC power is
introduced. At time t0, when AC power is disconnected, the
voltage of X-capacitor 2 maintains at an instantaneous value
and the AC power-off signal increases continuously. At time
t1, disconnection of AC power is detected because that the
value of AC power-off signal exceeds the given threshold
voltage Vth2. The reference voltage generation unit 522 is
affected by the intervention unit 51 to make the reference
voltage increase from Vrefl to Vref2, which results in an
increase in output of the feedback regulation unit 523, so that
the switch driving signal (shown as FIG. 204) outputted from
the control unit 5 drives the operation of the switching device
in the energy transfer unit of the conversion module 1 to
discharge the X-capacitor 2.
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FIG. 21 is a circuit structure diagram of the control unit
comprising an intervention unit in an embodiment of the
present invention. In this embodiment, the intervention unit
51 directly affects the switching signal generation unit 53 of
the control unit 5, so that the switching device in the energy
transfer unit of the conversion module 1 is driven to work by
the switch driving signal outputted from the control unit 5 to
discharge the X-capacitor 2.

FIG. 22 is a specific circuit schematic diagram according to
an embodiment of the present invention in which the bridge
PFC conversion unit is used as an energy transfer unit to
discharge the X-capacitor in the converter. Next, details will
be described by an example that the converter is the one
shown in FIG. 4 and the control circuit 5 is the one shown in
FIG. 18. As shown in FIG. 22, the bridge PFC conversion unit
11 of the converter is utilized as an energy transfer unit, the
energy storage component of the conversion module 1 is a bus
capacitor 12, the feedback voltage sampling unit 521 samples
the voltage of output capacitor C,,, of the PFC conversion
unit 11, and the on-off status of the switching device S1 of the
switch diode network in the PFC conversion unit 11 is con-
trolled by the switch driving signal which is outputted from
the switch signal generation unit 53. FIG. 23 shows the volt-
age waveforms of the X-capacitor in an embodiment that the
energy transfer unit is used to discharge the X-capacitorin the
converter. FIG. 23(a) shows the voltage waveform of the
X-capacitor when the X-capacitor discharging device is
absent, FIGS. 23(b) and 23(c) shows the waveform of the AC
power-off signal and the switch driving signal respectively,
and FIG. 23(d) shows the voltage waveform of the X-capaci-
tor which is discharged by an energy transfer unit. Before
time t0, AC power is fed to the converter normally, and no
disconnection of AC power is detected, so the AC power-off
signal outputted from the AC power-off detecting unit will not
turn on the switching device S3 in the intervention unit 51, i.e.
the conversion module in the converter operates as the origi-
nal design. At the time t0, AC power is disconnected (illus-
trated by an example that AC power is off during its negative
period), if the X-capacitor 2 is not discharged, the voltage
across the two terminals of the X-capacitor 2 will maintain at
an instantaneous voltage level which can’t be released, that is
to say, there is a high voltage all the time which endangers
user safety. In the embodiment of the present invention, AC
power is off at time t0, and the disconnection of AC power is
detected by the AC power-off detecting unit after a time
interval of t1-t0. That is to say, the AC power-off signal
generated at the time t1 turns on the switching device S3 of the
intervention unit 51, which short-circuits the resistor R21 in
the feedback voltage sampling unit, and the feedback voltage
input to the inverting input terminal of the regulation unit
decreases, so that the original feedback network is changed.
The control unit 5 outputs a control signal shown in FIG.
23(c) according to the current feedback voltage, which makes
the switching device S1 of the PFC conversion unit 11 work
to enhance the voltage value across the capacitor C,,, and
transfers energy from the X-capacitor 2 to the capacitive
element (C,,; capacitor 12) by the energy transfer unit (i.e.
PFC conversion unit of this embodiment).

As stated previously, the characteristic of the present
invention is that the X-capacitor is discharged by an energy
transfer unit, not by a discharging resistor. When AC power is
introduced normally, the energy consumption caused by the
discharging resistor is overcome, and when AC power is
disconnected, the X-capacitor can be discharged by the
energy transfer unit. The present invention meets the require-
ment of “safety of information technology equipment”, and
especially, it offers great help to raise the efficiency of the
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converter having a bridgeless PFC conversion unit in the
light-loaded status. Meanwhile, part of the original conver-
sionunit of a conversion module in a converter can be used as
the energy transfer unit, which simplifies the circuit greatly.

What have been stated above are only preferred embodi-
ments of the present invention, but the patent scope of the
present invention is not limited to this. So, any equivalent
structure variation based on the content of the description and
figures of the present invention should fall within the scope of
the present invention.

What is claimed is:

1. A converter, comprising:

a capacitor connected between a live line and a null line of

AC power input terminals;

a conversion module coupled to the capacitor and at least
comprising an energy transfer unit and an energy storage
component, wherein, the energy transfer unit, compris-
ing a switching device, is coupled to the capacitor and
the energy storage component;

an AC power-off detecting unit connected with the AC
power input terminals, which detects on-off status of AC
power and generates an AC power-off signal; and

a control unit coupled to the AC power-off detecting unit;
wherein when disconnection of the AC power is detected
by the AC power-off detecting unit, the AC power-off
signal outputted from the AC power-off detecting unit
triggers the control unit to output a switch driving signal,
which controls operation of the energy transfer unit to
transfer energy stored in the capacitor to the energy
storage component, so that the capacitor is discharged;

wherein the control unit comprises an intervention unit, a
feedback regulation unit and a switching signal genera-
tion unit, wherein, the feedback regulation unit com-
prises a feedback voltage sampling unit, a reference
voltage generation unit and a regulation unit; when the
AC power is disconnected, the intervention unit inter-
venes to increase output voltage of the feedback regula-
tion unit by decreasing feedback voltage received by the
feedback regulation unit or increasing output voltage of
the reference voltage generation unit, such that the
switching signal generation unit generates a switch driv-
ing signal according to the output voltage of the feed-
back regulation unit, so as to control the operation of the
switching device of the conversion module to transfer
the energy stored in the capacitor to the energy storage
component of the conversion module, and to discharge
the capacitor.

2. The converter of claim 1, wherein the energy storage
component is a capacitive element, when disconnection of the
AC power is detected by the AC power-off detecting unit, the
AC power-off signal outputted from the AC power-off detect-
ing unit triggers the control unit to output the switch driving
signal, which controls the operation of the energy transfer
unit to enhance voltage of the capacitive element, so that the
energy stored in the capacitor is transferred to the capacitive
element to discharge the capacitor.

3. The converter of claim 2, wherein the control unit
enhances the voltage of the capacitive element by increasing
duty cycle of the switch driving signal.

4. The converter of claim 1, wherein the energy storage
component is an inductive element.

5. The converter of claim 1, wherein the AC power-off
detecting unit comprises:

a capacitor voltage regulation circuit, converting a received

AC power signal, and generating a voltage signal; and

a timing circuit, receiving the voltage signal generated by

the capacitor voltage regulation circuit, measuring time
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period of positive voltage of the AC power as well as that
of'negative voltage respectively, if the time period of the
positive voltage or that of the negative voltage exceeds a
predetermined time, the AC power disconnected is
detected.

6. A capacitor discharging circuit used to discharge a
capacitor connected between a live line and a null line of AC
power input terminals of a converter, wherein the converter
comprises a conversion module, coupled to the capacitor,
which at least comprises an energy storage component and an
energy transfer unit; the energy transfer unit, comprising a
switching device, is coupled to the capacitor and the energy
storage component; the capacitor discharging circuit com-
prises:

an AC power-off detecting unit connected to the AC power

input terminals of the converter, which detects on-off
status of AC power and generates an AC power-off sig-
nal; and

a control unit coupled to the AC power-off detecting unit,

when disconnection of the AC power is detected by the
AC power-off detecting unit, the AC power-off signal
outputted from the AC power-off detecting unit triggers
the control unit to output a switch driving signal, which
controls operation of the energy transfer unit to transfer
energy stored in the capacitor to the energy storage com-
ponent of the conversion module, so that the capacitor is
discharged;

wherein the control unit comprises an intervention unit, a

feedback regulation unit and a switching signal genera-
tion unit, wherein the feedback regulation unit com-
prises a feedback voltage sampling unit, a reference
voltage generation unit and a regulation unit; when the
AC power is disconnected, the intervention unit inter-
venes to increase output voltage of the feedback regula-
tion unit by decreasing feedback voltage received by the
feedback regulation unit or increasing output voltage of
the reference voltage generation unit, such that the
switching signal generation unit generates a switch driv-
ing signal according to the output voltage of feedback
regulation unit, so as to control operation of the switch-
ing device of the conversion module to transfer the
energy stored in the capacitor to the energy storage com-
ponent of the conversion module, and to discharge the
capacitor.

7. The capacitor discharging circuit of claim 6, wherein the
capacitor is an X-capacitor.

8. The capacitor discharging circuit of claim 6, wherein the
energy storage component is a capacitive element, when dis-
connection of the AC power is detected by the AC power-off
detecting unit, the AC power-off signal outputted from the AC
power-off detecting unit triggers the control unit to output the
switch driving signal, which controls the operation of the
energy transfer unit to enhance voltage of the capacitive ele-
ment, so that the energy stored in the capacitor is transferred
to the capacitive element of the conversion module and the
capacitor is discharged.

9. The capacitor discharging circuit of claim 8, wherein the
voltage of the capacitive element is raised by increasing duty
cycle of the switch driving signal outputted from the control
unit.

10. The capacitor discharging circuit of claim 6, wherein
the energy storage component is an inductive element.

11. The capacitor discharging circuit of claim 6, wherein
the AC power-off detecting unit comprises:

a capacitor voltage regulation circuit, converting a received

AC power signal, and generating a voltage signal; and

15

20

40

45

65

18

a timing circuit, receiving the voltage signal generated by
the capacitor voltage regulation circuit, measuring time
period of positive voltage of the AC power as well as that
of negative voltage respectively, if the time period of the
positive voltage or that of the negative voltage exceeds a
predetermined time, the AC power disconnected is
detected.

12. A converter, comprising:

a capacitor connected between a live line and a null line of
AC power input terminals;

a conversion module coupled to the capacitor and at least
comprising an energy transfer unit and an energy storage
component, wherein, the energy transfer unit, compris-
ing a switching device, is coupled to the capacitor and
the energy storage component;

an AC power-off detecting unit connected with the AC
power input terminals, which detects on-off status of AC
power and generates an AC power-off signal; and

a control unit coupled to the AC power-off detecting unit;
wherein when disconnection of the AC power is detected
by the AC power-off detecting unit, the AC power-off
signal outputted from the AC power-off detecting unit
triggers the control unit to output a switch driving signal,
which controls operation of the energy transfer unit to
transfer energy stored in the capacitor to the energy
storage component, so that the capacitor is discharged;

wherein the control unit comprises an intervention unit and
aswitching signal generation unit, when the AC power is
disconnected, the intervention unit intervenes in the
switching signal generation unit to generate the switch
driving signal according to the AC power-off signal to
control the operation of the energy transfer unit, such
that the energy stored in the capacitor is transferred to
the energy storage component of the conversion module.

13. The converter of claim 12, wherein the energy storage
component is a capacitive element, when disconnection of the
AC power is detected by the AC power-off detecting unit, the
AC power-off signal outputted from the AC power-off detect-
ing unit triggers the control unit to output the switch driving
signal, which controls the operation of the energy transfer
unit to enhance voltage of the capacitive element, so that the
energy stored in the capacitor is transferred to the capacitive
element to discharge the capacitor.

14. The converter of claim 13, wherein the control unit
enhances the voltage of the capacitive element by increasing
duty cycle of the switch driving signal.

15. The converter of claim 12, wherein the energy storage
component is an inductive element.

16. The converter of claim 12, wherein the AC power-off
detecting unit comprises:

a capacitor voltage regulation circuit, converting a received

AC power signal, and generating a voltage signal; and

a timing circuit, receiving the voltage signal generated by
the capacitor voltage regulation circuit, measuring time
period of positive voltage of the AC power as well as that
of negative voltage respectively, if the time period of the
positive voltage or that of the negative voltage exceeds a
predetermined time, the AC power disconnected is
detected.

17. A capacitor discharging circuit used to discharge a
capacitor connected between a live line and a null line of AC
power input terminals of a converter, wherein the converter
comprises a conversion module, coupled to the capacitor,
which at least comprises an energy storage component and an
energy transfer unit; the energy transfer unit, comprising a
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switching device, is coupled to the capacitor and the energy
storage component; the capacitor discharging circuit com-
prises:
an AC power-off detecting unit connected to the AC power
input terminals of the converter, which detects on-off
status of AC power and generates an AC power-off sig-
nal; and
a control unit coupled to the AC power-off detecting unit,
when disconnection of the AC power is detected by the
AC power-off detecting unit, the AC power-off signal
outputted from the AC power-off detecting unit triggers
the control unit to output a switch driving signal, which
controls operation of the energy transfer unit to transfer
energy stored in the capacitor to the energy storage com-
ponent of the conversion module, so that the capacitor is
discharged;
wherein the control unit comprises an intervention unit and
aswitching signal generation unit, when the AC power is
disconnected, the intervention unit intervenes in the
switching signal generation unit to generate the switch
driving signal according to the AC power-off signal to
control the operation of the energy transfer unit, such
that energy stored in the capacitor is transferred to the
energy storage component of the conversion module.
18. The capacitor discharging circuit of claim 17, wherein
the capacitor is an X-capacitor.
19. The capacitor discharging circuit of claim 17, wherein
the energy storage component is a capacitive element, when
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disconnection of the AC power is detected by the AC power-
off detecting unit, the AC power-off signal outputted from the
AC power-off detecting unit triggers the control unit to output
the switch driving signal, which controls the operation of the
energy transfer unit to enhance voltage of the capacitive ele-
ment, so that the energy stored in the capacitor is transferred
to the capacitive element of the conversion module and the
capacitor is discharged.
20. The capacitor discharging circuit of claim 19, wherein
the voltage of the capacitive element is raised by increasing
duty cycle of the switch driving signal outputted from the
control unit.
21. The capacitor discharging circuit of claim 17, wherein
the energy storage component is an inductive element.
22. The capacitor discharging circuit of claim 17, wherein
the AC power-off detecting unit comprises:
a capacitor voltage regulation circuit, converting a received
AC power signal, and generating a voltage signal; and

a timing circuit, receiving the voltage signal generated by
the capacitor voltage regulation circuit, measuring time
period of positive voltage of the AC power as well as that
of negative voltage respectively, if the time period of the
positive voltage or that of the negative voltage exceeds a
predetermined time, the AC power disconnected is
detected.



